Using data from the WISE mission, we have measured near infra-red (NIR) photometry of a diverse sample of dust-free stellar systems (globular clusters, dwarf and giant early-type galaxies) which have metallicities that span the range -2.2 < [Fe/H] (dex) < 0.3. This dramatically increases the sample size and broadens the metallicity regime over which the 3.4 (W1) and 4.6µm (W2) photometry of stellar populations have been examined. We find that the W1 -W2 colors of intermediate and old (> 2 Gyr) stellar populations are insensitive to the age of the stellar population, but that the W1 -W2 colors become bluer with increasing metallicity, a trend not well reproduced by most stellar population synthesis (SPS) models. In common with previous studies, we attribute this behavior to the increasing strength of the CO absorption feature located in the 4.6µm bandpass with metallicity. Having used our sample to validate the efficacy of some of the SPS models, we use these models to derive stellar mass-to-light ratios in the W1 and W2 bands. Utilizing observational data from the SAURON and ATLAS3D surveys, we demonstrate that these bands provide extremely simple, yet robust stellar mass tracers for dust free older stellar populations that are freed from many of the uncertainties common among optical estimators.
INTRODUCTION
Stellar population synthesis models are an important tool to investigate the formation and evolution of galaxies. By comparison of SPS models with observed galaxy spectral energy distributions (SEDs) it is possible to infer the mass of stars, gas, and dust, as well as the age and chemical enrichment of the underlying stellar populations (see e.g. Walcher et al. 2011; Conroy 2013) .
Much recent work has focussed on the development of SPS models that accurately describe the behavior of galaxies in the near-to-mid infrared (e.g. da Cunha et al. 2008; Marigo et al. 2008; Kotulla et al. 2009; Conroy et al. 2009a; Bressan et al. 2012 Bressan et al. , 2013 . In part because the near infrared bands are thought to be a more accurate proxy for total stellar mass than optical regions, due to the reduced importance of dust attenuation or shortlived but luminous young stars in IR bands. Importantly, however, dust emission can significantly effect the NIR colors of stellar systems (Meidt et al. 2012; Peletier et al. 2012; Querejeta et al. 2014 ) and must therefore be carefully taken into account when using NIR photometry as a stellar mass tracer. Yet, despite the rapid increase in theoretical predictions for the behavior of galaxy SEDs in the near and mid IR, to date only a limited number of studies have calibrated these predictions to observations of real stellar systems. Spitler et al. (2008) compared the predictions of a range of Single Stellar Population (SSP) models to the optical -Spitzer IRAC [3.6] colors of a sample of globular clusters (GCs) from the Sombrero and Centaurus A galaxies. They found generally good agreement in the colors, though with some evidence that the models could be under predicting the [3.6] flux at lower metallicities. Peletier et al. (2012) then investigated the behavior of the Spitzer IRAC [3.6] -[4.5] color of the SAURON sample of early-type galaxies (de Zeeuw et al. 2002) . They concluded that the galaxies displayed a color trend with metallicity over the limited metallicity range that they probed ([Fe/H] > -0.5). The sense of this trend was reversed relative to that observed in the optical (i.e. that in this case increasing metallicity led to bluer colors), and was not well reproduced by SPS models except for ones which included the influence of a strong CO absorption band in the [4.5] filter whose strength is temperature dependent.
Subsequently Barmby & Jalilian (2012) compared SSP models to V band and Spitzer IRAC photometry of bright globular clusters (GCs) from M31 also finding that the models examined were systematically redder than the data at higher metallicity.
Each of these previous studies suffered from either limited wavelength coverage in the NIR (Spitler et al. 2008) , restricted metallicity range of the sample studied (Peletier et al. 2012) , or limited statistical power due to a small sample size (Barmby & Jalilian 2012) , or some combination of all three.
In light of these results and the recent explosion in the amount of galaxy photometry available in the NIR, provided by both large surveys using the Spitzer Space Telescope (e.g. S 4 G; Sheth et al. 2010 ) and the all sky coverage of the WISE mission (Wright et al. 2010) , we have revisited the behavior of stellar populations in the NIR. We do this by analyzing a comprehensive sample of globular clusters and early-type galaxies in order to probe the color-metallicity behavior over a very wide metallicity range. We focus on GCs and early-type galaxies because these systems are essentially dust-free (e.g. Barmby et al. 2009; di Serego Alighieri et al. 2013) , and as described previously dust emission can significantly alter the NIR colors of stellar systems.
Our work is further motivated by recent work by Meidt et al. (2014) who demonstrated that the [3.6] -[4.5] color can be used to improve the estimation of 3.6µm stellar mass-to-light ratio. To do this they empirically derived a relation between the J-K and [3.6] -[4.5] colors of giant stars, thereby avoiding the uncertainties present in the SPS models due to incorrect molecular line opacities of the template stars in the NIR. In doing this they provided a significantly improved stellar mass estimator than available at shorter wavelengths. However, the empirical relation needs to be verified for complex stellar populations over the age and metallicity ranges where it is likely to be used.
DATA ANALYSIS
For each of our samples being considered (see Section 4), except for the globular clusters of M31 which are essentially unresolved in WISE imaging, we downloaded and analysed the full (i.e. not thumbnail) ALLWISE 2 Atlas images. These images have been pipeline processed as described in Wright et al. (2010) and Mainzer et al. (2011) to produce co-added image tiles with uniform zeropoint that are spatially co-aligned in all four WISE bands. They are the result of co-adding all available WISE imaging, including NEOWISE imaging not previously included in earlier data releases, hence they represent the deepest WISE imaging available to date.
We choose to analyse WISE imaging (as opposed to Spitzer IRAC imaging) of our old stellar systems for a number of reasons; 1) WISE has consistent all-sky coverage ensuring large sample sizes. 2) The survey is relatively deep, with at least S/N = 5 for W1 = 16.9 and W2 = 16.0 mag, approximately twice as deep as 2MASS.
3) The large (1.56
• ×1.56
• ) field-of-view of the processed atlas images reduces sky subtraction problems for large apparent size objects such as Milky Way (MW) GCs and nearby massive early-type galaxies which often have half-light radii > 3 . 4) The resolution of the W1 and W2 bands while low by optical standards (∼8.5 sampled with 1.375 pixels) is more than adequate to study nearby GCs and galaxies.
Stochastic Effects
When studying the integrated properties of lower mass stellar populations such as globular clusters it is necessary to consider to what degree measured quantities depend on the stochastic population of rare but luminous stellar phases, such as the red giant or asymptotic giant branches. The random appearance of a small number of stars on these evolved branches can lead to dramatic changes in both the total luminosity of the stellar population, and its color (see e.g. Fouesneau & Lançon 2010; Popescu & Hanson 2010) . Especially in the optical where the colors of extreme red giant branch stars and the turnoff stars can differ by as much as a magnitude.
In contrast to the usual approach of theoretically determining the minimum stellar mass required to reduce stochastic population effects to manageable levels (see e.g. Barmby & Jalilian 2012) we choose to use an empirical procedure to determine the necessary stellar mass to limit the effect of stochastic population of the evolved 2 http://wise2.ipac.caltech.edu/docs/release/allwise phases on the measured color. To do this we have measured the W1-W2 color within the half-light-radius for all suitable MW GCs with M V < -7 (corresponding to total luminosities sampled of 0.75 mag less due to our approach of only sampling to one effective radius).
As shown in Figure 1 the magnitude dependence of the scatter of the measured W1 -W2 colors is remarkably small, with very little dependence on total magnitude of the cluster other than that expected from purely photometric errors. This result is unexpected given that the scatter in this plot is composed of three effects; 1) photometric uncertainties, 2) the effect of the metallicity dependence of the color, and 3) the effect of stochastically populating the evolved branches. Therefore, given the observed low scatter, the known photometric errors (of around 0.01 mag for Milky Way GCs), and expected color trend the effect of stochastic sampling must be relatively small.
We investigate this point more closely in Figure 2 . This figure shows stellar isochrones for both optical and NIR filters for 8 SSPs produced by the PARSEC v1.1 models of Bressan et al. (2012 Bressan et al. ( , 2013 . The colored circles at the top of the plot show the total integrated color of the SSPs for a Chabrier lognormal IMF. From this plot it is clear that the colors of the main sequence turnoff (which dominates the overall color) and the extreme RGB differ by at most 0.1 mag in the NIR, but by up to 1.1 mag in the optical, hence population of the extreme RGB does little to change the color of the population for NIR bands. sample was created by requiring the GCs to 1) have a measured age and metallicity, 2) to be older than 2 Gyr, 3) be more luminous than M V = -7.00, and 4) yet not saturated in the WISE imaging, and finally 5) to have half-light radii (R e > 10 ) that are well resolved by the W1 and W2 photometry. The third requirement ensures that the GCs are sufficiently massive that the effect of stochastic variation in the population of their red giant and horizontal branches is negligible (see Section 2.1). The fourth requirement is more subtle, as the ALLWISE combination algorithm tends to hide saturation in the final images in all but the most extreme cases. As saturation is more common in the W1 band this can lead to spurious color trends. Only by checking the single epoch WISE exposures manually was it possible to be certain that the atlas images were unaffected by saturation.
By applying these requirements (and a subsequent cut on the photometric uncertainty of the W1 -W2 color) we are left with a final sample of 66 MW and Magellanic Cloud GCs. Unfortunately because of the saturation problems, which preferentially effect closer and higher metallicity MW GCs, the sample has relatively few GCs with metallicity [Fe/H] > -1.
Each cluster was analysed in the following manner:
1. The ALLWISE Atlas science and uncertainty images for each cluster were downloaded.
2. Using the literature values of GC center, position angle, ellipticity (generally negligible for GCs) and R e , an aperture containing half the GC light was defined and the flux summed within this region. The value of R e was determined from optical data and was therefore scaled by a factor of 0.71 to account for the fact that the half-light radius is smaller in IR bands (Falcón-Barroso et al. 2011) . Summing the flux within R e ensures that the flux of the GC dominates and the influence of background sources is negligible. It also ensures that we can measure the flux within a single aperture, rather than have to carry out the uncertain task of identifying and measuring individual cluster stars at large radii where the field contamination becomes significant.
3. SExtractor (Bertin & Arnouts 1996) was used to determine a background map, after masking the GC, and using a very large BACK SIZE value of 512 pixels to ensure that the influence of foreground and background sources was reduced.
4. The "sky" background was then subtracted from the total GC flux in each band, the magnitudes and their uncertainties calculated and the standard conversions to the WISE magnitude system applied (Wright et al. 2010 ).
M31 Globular Clusters
To augment the MW GC sample we also make use of WISE photometry of spectroscopically confirmed M31 GCs drawn from the Revised Bologna Catalog of M31 GCs (RBC; Galleti et al. 2004) . To the RBC we add additional age and metallicity measurements from the literature (Ma et al. 2009; Wang et al. 2010; Caldwell et al. 2011; Cezario et al. 2013) to produce the largest possible catalog of spectroscopically confirmed M31 GCs with stellar population measurements.
We apply similar requirements to those used for the MW GC system. We also require spectroscopic confirmation of their nature, as the RBC catalog suffers from significant contamination from foreground and background objects (see e.g. Huxor et al. 2014) . Saturation of the WISE imaging is not an issue for M31 GCs due to the increased distance relative to the MW GCs, however, we do visually inspect each cluster to reject those cases where the photometry is likely compromised by bright nearby sources. After this selection we are left with a sample of 61 M31 GCs, with metallicities that range from [Fe/H] of -1.9 to -0.1. The photometry for the M31 GC sample is taken directly from the catalog measurements for the ALLWISE data release. In this case we do apply an extinction correction, as some of the GCs are observed in (and even behind) the disk of M31. Where available we make use of the Caldwell et al. (2011) estimations of E(B-V), because these include the foreground MW extinction and the effects of the internal M31 extinction. Where our GCs lack E(B-V) measurements we use the median value of the E(B-V) for the M31 GCs as determined by Caldwell et al. (2011) . We then convert the E(B-V) into extinctions in the W1 and W2 bands using the conversions quoted in Yuan et al. (2013) .
Early-Type Galaxies
In addition to the GC samples we also examine the WISE colors of early-type galaxies (ETGs). Our main ETG sample is that of the SAURON survey (de Zeeuw et al. 2002) . This contains of 48 nearby S0 and E galaxies observed with the SAURON spectrograph on the WHT telescope (Bacon et al. 2001) . The NIR colors of these galaxies have already been examined by Peletier et al. (2012) , who used Spitzer IRAC imaging of the sample galaxies to measure their [3.6] -[4.5] colors, finding that galaxies became increasingly blue with increasing metallicity, in marked contrast to the behavior for most other colors. The principle limitation of the SAURON sample is that the metallicity range is quite restricted, with most galaxies having -0.5 < [Fe/H] < 0. Therefore we have extended the metallicity range probed by the galaxy sample by adding additional dwarf and giant early type galaxies to the sample.
In order to be considered for inclusion in our extended galaxy sample several properties had to be available in the literature. These comprised suitable photometric values for effective radius, position angle, and ellipticity as well as spectroscopically determined age and metallicity, (ideally weighted to be within R e ). Such information was compiled from the literature sources listed below, occasionally supplemented by position angles and ellipticities provided by either Hyperleda (Paturel et al. 2003) or the SDSS data release 10 (Ahn et al. 2014) .
We added several lower mass dE and dS0 galaxies from the work of Ryś et al. (2013 Ryś et al. ( , 2014 . These galaxies were observed using the SAURON spectrograph similar to the main SAURON sample, with their stellar populations (Rys et al. in prep) also derived in a manner consistent with the rest of the SAURON sample.
We also added additional dwarf and giant early-type galaxies using derived properties provided in the papers of Michielsen et al. (2008) ; Koleva et al. (2011); Forbes et al. (2011) .
Finally, we added higher-mass early-type galaxies from the study of Denicoló et al. (2005) . In this case we converted their measured central metallicity to an approximate half-light weighted metallicity by subtracting the mean offset between the R e and R e /8 derived metallicities of the SAURON sample.
Where Thomas et al. 2003) .
We analyse the full galaxy sample in the same way as the MW GCs, i.e. we measure the WISE photometry within ellipses set by the observed ellipticity, position angle and R e of the galaxies. Figure 3 displays an example of this procedure. Likewise we restrict the sample selected for study using the same limitations, for example we only study those objects which have R e > 10 to ensure that the half-light radius is adequately resolved in the WISE imaging. We also limit our analysis to galaxies which have age > 2 Gyr, to ensure that the effect of poorly understood evolved stellar phases such as thermally pulsating asymptotic giant branch (TP-AGB) is significantly reduced (see e.g Maraston 2005) . 
W1-W2 colors of Old Stellar Populations
The left panel of Figure 4 displays the W1 -W2 colors of our sample of old stellar systems plotted against their metallicity. The solid and dashed black and white lines are the running average of the whole sample and the 1 σ scatter, as measured in 0.25 dex bins. It is clear from this plot that there is a highly significant trend, with the stellar populations becoming bluer with increasing metallicity, as was found previously by Peletier et al. (2012) ; Meidt et al. (2014) for the IRAC [3.6] -[4.5] µm color. The running average of the points is well reproduced by a linear relation between metallicity and W1-W2 color of the following form:
with the scatter about the relation being 0.026 magnitudes.
The right panel of Figure 4 displays the same data, but overlaid with several current SPS model predictions. The SPS models fall into two groups; those that attempt to correct for the CO absorption in the W2 band (the PARSEC v1.1 models of Bressan et al. 2012 Bressan et al. , 2013 Kotulla et al. 2009 , and the FSPS model of Conroy et al. 2009b; Conroy & Gunn 2010) .
It is clear that the majority of the models, including those most commonly used to derive stellar population properties and stellar masses dramatically fail to reproduce the W1 -W2 colors of stellar populations with near solar metallicity. Only those models that include the effect of the increasing CO absorption strength at 4.5µm successfully reproduce the observed trend. Both the Padova group models and the empirical model fit the data reasonably, with the empirical model of Meidt et al. (2014) being slightly more consistent with the data overall.
Note that, based on the behavior of the Bressan et al. (2012 Bressan et al. ( , 2013 ) models, the W1 -W2 color is almost insensitive to age for stellar populations > 2 Gyr. We therefore do not expect that age contributes significantly to the observed scatter here, which is large even for relatively bright stellar systems. Such large observational scatter unfortunately prevents us currently using W1-W2 color as an accurate metallicity indicator. Still, we note that improvements in data quality may allow the use of the W1-W2 color may act as a useful a prior on metallicity, e.g. to help break the well-known age-metallicity relation in the optical.
The Absolute Zeropoint in the W1 & W2 Bands
In order to confirm the zero point of the models in the WISE filter system we can use the models to predict the absolute magnitude of the Sun in the WISE bands.
The Bressan et al. (2012 Bressan et al. ( , 2013 ) PARSEC v1.1 isochrones give the absolute magnitude of a solar mass star with a solar abundance and age 4.6 Gyr as W1 = 3.24 and W2 = 3.26. These values are remarkably close to the values of 3.24 and 3.27 as determined by Jarrett et al. (2013) In contrast, while the remaining models (BC03, FSPS, and GALEV) do approximately give the correct value for the magnitude of the sun in the W1 band, as expected from their predictions of the W1 -W2 color (see Section 3.1), they substantially underpredict the absolute magnitude of the Sun in the W2 band.
As the PARSEC models correctly predict both the absolute zero point, and the color behavior of the W1 and W2 filters we therefore choose to examine further whether these models and bands can be used to produce a widely applicable stellar mass estimator.
3.3. Mass-to-light ratios at 3.4 and 4.6µm Having demonstrated that some modern SPS models are capable of reproducing the observed WISE W1 and W2 photometry of dust-free stellar populations we now examine what these models predict for the mass-to-light ratio behavior of simple stellar populations.
To do this we make use of the PARSEC v1.1 models (Bressan et al. 2012 (Bressan et al. , 2013 ) for a Chabrier lognormal IMF and single burst models (i.e. pure SSPs) which we convert to mass-to-light ratios assuming that the mass remaining in living stars and remnants follows the tracks presented in Into & Portinari (2013) for a Kroupa IMF (i.e. ∼30% of the stellar mass is returned to the ISM within 12 Gyr). Figure 5 shows the result of this procedure for a range of 4 metallicities (from [Fe/H] = -2.18 to +0.3) and eight ages from 0.5 Gyr to 10 Gyr. It is important to note that because the current v1.1 of the PARSEC models do not include the effects of TP-AGB stars, the predictions for ages < 3 Gyr are likely to be significantly in error. However, comparison with the Marigo et al. (2008) models, which are an earlier iteration of the Padova models which do include the effects of TP-AGB, shows that for ages > 3 Gyr the predicted M /L ratios seem to be robust.
Examining Figure 5 it is immediately obvious that in common with the conclusions of Meidt et al. (2014) we find that for metallicities displayed by modern galaxies (i.e. [Fe/H] > -1) the M /L ratios are essentially insensitive to metallicity (and hence color). It is also notable that in the age range of 3 to 10 Gyr, the M /L ratio increases by around a factor of two, meaning that applying a fixed M /L ratio in the middle of the range leads to errors on the derived stellar mass of only 0.10 dex. This is also in good agreement with the analysis of Meidt et al. (2014) , who using their modified Bruzual & Charlot (2003) models found that for exponentially declining star formation histories (which tend to reduce the overall M /L when compared to single burst histories) it was possible to use a single M /L of 0.6 to derive stellar masses from IRAC [3.6] photometry with 0.10 dex uncertainties.
As expected, the derived M /L ratios for the 3.4 and 4.6µm bands are very similar, and that therefore both have the potential to be useful stellar mass indicators. In general the 3.4µm band is likely to be preferred due to the higher S/N of the WISE imaging in this band. However, in certain cases, the 4.6µm flux may be a more robust tracer of old stellar light, e.g. when the 3.4µm bandpass also contains strong 3.3µm PAH emission. This effect is likely negligible for the old stellar populations in this study.
Stellar Masses
In order to check the efficacy of the M /L ratios in Section 3.3 we compare WISE derived stellar masses to those determined by the ATLAS3D survey (specifically the Salpeter masses from Cappellari et al. 2013 ) for the 47 galaxies in common with the SAURON survey. We study only the SAURON survey galaxies instead of the full ATLAS3D sample because spectroscopically determined stellar population parameters (from Kuntschner et al. 2010 ) are only available currently for the SAURON subset. This allows us to examine the improvement in derived stellar masses when the additional information provided by the age and metallicity of the galaxies are included. We choose to use the ATLAS3D Salpeter stellar masses because these masses are computed using the input provided by a spectroscopically-derived smoothed star formation history. This procedure should therefore reduce the confusing effect of SFH on derived stellar masses, and provide a more robust stellar mass for comparison to our WISE derived stellar masses.
To determine the WISE stellar masses our approach is very simple. We take the W1 and W2 luminosity of the galaxies measured within R e as described in Section 2.2.3 and double it to account for the flux outside the half-light aperture. To ensure consistency with the AT-LAS3D studies we use their distance measurements for each galaxy. Once we have the total luminosity of each galaxy we then use two different approaches to derive the final stellar mass. The simplest approach is to apply a fixed M /L, this is chosen arbitrarily to match the zero point of the ATLAS3D masses (once they have been offset by the standard +0.25 dex to account for differences between a Chabrier and Salpeter IMF). The second approach is to use the measured stellar population parameters of each galaxy to determine the appropriate M /L through interpolation of the relations shown in Figure 5 . Figure 6 displays the results of these procedures for both the W1 (upper panels) and W2 (lower panels) bands. From the left panels of the figure, which display the result of using fixed M /L ratios, it is obvious that the relation is remarkably tight, with most of the significant outliers being known young galaxies (the blue dots without black border) where the chosen M /L is particularly inappropriate. It should be noted that the derived values of M /L (0.85 and 0.88 in W1 and W2 respectively) are likely consistent with 0.6 value derived by Meidt et al. (2014) when it is considered that our M /L ratio likely includes some systematic offset caused by missing galaxy light due to our method of doubling the flux within half-light apertures, especially as the halflight radii are determined in optical bands not directly from the WISE imaging. In fact, if matched apertures are used (i.e. the WISE apertures are matched to the ones used by the SAURON survey) the M/L ratios become 0.67 and 0.70 for the W1 and W2 bands respectively, even more consistent with the 0.6 value derived by Meidt et al. (2014) . The observed scatter in the 3.4µm relation is also remarkably close to the value of 0.1 dex predicted by Meidt et al. (2014) , all the more remarkable when it is considered that the errors in the ATLAS3D stellar mass determinations must also be considerable.
The right panels display the effect of using M /Ls determined using the stellar population parameters, in this case no offsetting to match the ATLAS3D determinations is done. Several interesting effects are apparent in these panels:
1. The offsets of the younger galaxies from the one-toone line are significantly reduced, due to their now having more appropriate (and lower) M /L than in the fixed M /L case.
2. Secondly, there is a significant offset between the ATLAS3D and WISE mass determinations, (i.e. the average ratio M ATLAS3D /M 3.4µm is 0.86 not 1.) in the sense that the WISE determinations are higher. The fact that the magnitude of this offset is very similar for both W1 and W2 indicates that this could be related to the method used to determine the total luminosity in the WISE bands, and that we have systematically overestimated the total luminosity, or, alternatively, that the stellar population parameters (principally the ages) determined by the SAURON survey are differ systematically from those used by the ATLAS3D survey in their analysis.
3. A third observation is that the scatter is reduced compared to that found for the fixed M /L case. When it is considered that the ATLAS3D stellar masses contribute a significant fraction of the total scatter the magnitude of the decrease is even more remarkable.
4. Finally, and most intriguingly, there is evidence that the relation is no longer one-to-one, in the sense that the WISE derived masses are increasingly over-massive compared to the ATLAS3D ones for higher mass galaxies. We leave a more detailed investigation of this point to a forthcoming paper.
DISCUSSION
We have used NIR WISE photometry of a diverse sample of old stellar systems to probe the behavior of these stellar systems as a function of the full metallicity range displayed by star clusters and galaxies. Using this sample we have confirmed that the latest generation of stellar population synthesis models (in particular the Padova group models of Bressan et al. 2012 Bressan et al. , 2013 are capable of accurately reproducing the colors and luminosities of the 3.4 and 4.6µm bands for old stellar systems.
Having confirmed that the SPS models accurately reproduce the NIR photometry of real stellar systems, we then made use of the models to derive mass-to-light ratios for single burst stellar populations as a function of metallicity and age. As found by Meidt et al. (2014) for the IRAC 3.6µm band this procedure demonstrated that the WISE W1 and W2 M /L ratios are almost insensitive to metallicity for [Fe/H] > -1 dex. Furthermore, by comparison with the stellar masses derived by the ATLAS3D survey we confirmed that the use of a single fixed M /L in the NIR for galaxies older than 3 Gyr can produce remarkably accurate stellar mass estimates.
Having confirmed that modern SPS models can be used to accurately predict stellar masses for older stellar populations several further steps can be envisaged to make the technique more widely applicable. In order to extend this technique to younger stellar populations several confusing effects will have to be integrated into the models or the analysis procedure. The most pressing is to include the effect of evolved stellar phases such as TP-AGB stars, which can contribute significantly to the total luminosity in the NIR for ages < 3 Gyr, even in cases where the galaxy (though not the AGB stars) itself may be relatively dust-free. Implementation of this change is already underway by the Padova group and other SPS modellers.
A second necessary step will be to determine and remove the effect of non-stellar emission in the NIR bands, particularly in the 3.6µm band, where a PAH emission feature is present. Removal of non-stellar emission could potentially be achieved using several approaches, one would be to use independent component analysis such W2 (µm) Figure 6 . The WISE W1 and W2 derived stellar masses for the SAURON survey (de Zeeuw et al. 2002) galaxies vs the stellar masses derived for the same galaxies by the ATLAS3D survey (Cappellari et al. 2011) . In each panel the color of the dots gives the luminosity weighted SSP age as measured by Kuntschner et al. (2010) . Those galaxies which have measured age within Re of > 3 Gyr have a black outline, those younger than 3 Gyr do not. The dashed line in each panel shows the one-to-one relation, while the solid blue line is the best fit linear relation for those galaxies with age > 3 Gyr. The stellar masses from the ATLAS3D survey are the Salpeter IMF masses from Cappellari et al. (2013) scaled by 0.25 dex to account for the difference between the Salpeter IMF and the Chabrier IMF assumed for the WISE measurements. The upper panels show the results for the W1 (3.4µm) band and the lower panels for the W2 (4.6µm) band. The left panels show the result when the W1 and W2 mass-to-light ratios are fixed for all galaxies, at a value chosen arbitrarily to match the ATLAS3D masses, but consistent with a stellar population with age ∼9 Gyr (see Figure 5 ). The right panel show the effect of varying the mass-to-light ratio based on the SAURON measured stellar populations (presented in Kuntschner et al. 2010) . The top right of each panel shows the band used, the method used to determine M /L, and both the ratio between ATLAS3D mass and WISE mass and the scatter around this ratio for galaxies older than 3 Gyr.
as was used for the S 4 G sample by Meidt et al. (2012) and Querejeta et al. (2014) . An alternative approach that could be more successful for poorly resolved (or entirely un-resolved) sources might be to make use of the W3 band as a probe of the non-stellar emission and to use this to correct the W1 photometry.
CONCLUSIONS
We have presented the first large sample size examination of the dust-free NIR photometry of older stellar populations as a function of the full metallicity range displayed by globular clusters and galaxies. Our main conclusions are:
1. Contrary to the predictions of the majority of SSP models the W1-W2 colors of stellar populations become systematically bluer with increasing metallicity.
2. Using SPS models which fit the observed colormetallicity relations, and hence accurately predict both the 3.4 and 4.6µm fluxes we derive mass-tolight ratios for both the WISE W1 and W2 filters.
In doing this we determined that for the range of metallicities encountered in massive galaxies the M /L in the NIR is relatively insensitive to metallicity, and in the case of age, varies by a factor of 2 between 3 and 10 Gyr.
3. By comparison of our WISE-derived stellar masses with a SAURON+ATLAS3D sample of early-type galaxies we confirm the finding of Meidt et al. (2014) that a single fixed M /L at 3.4µm can produce stellar masses with uncertainties of only 0.1 dex.
4. We find that when including additional age information the accuracy of the derived stellar masses can be improved by a further 0.02 dex for dust free stellar populations older than 3 Gyr.
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